Friant Dam on the San Joaquin River (SJR) was designed and operated to divert most of the water in the river and convey it through two canals to water users in the Friant Division. As a result of the operation of Friant Dam, portions of the SJR downstream of the dam became dry during extensive periods of most years, thereby extirpating historic salmon runs and other fisheries. The diversion of San Joaquin River flows at Friant Dam precludes delivery of water to senior water rights holders downstream. In exchange for the reduction in river flows, Reclamation signed a contract with these senior water rights holders, or "Exchange Contractors," to deliver CVP water in exchange for river flow. To accomplish this exchange delivery, initial features of the CVP also included a pumping plant and canal to convey water from the Sacramento and San Joaquin Rivers Delta (Delta) to a pre-existing diversion facility on the San Joaquin River known as Mendota Pool, where water supplies are diverted by the Exchange Contractors. Under the exchange contract, Reclamation can deliver water to Mendota Pool to fulfill contract obligations through the canal or through the SJR at its discretion, subject to the terms of the contract. The Settlement and authorizing Federal legislation require that the Secretary of the Interior will implement the terms and conditions of the Settlement. Additionally, the Settling Parties agreed that implementation will require the involvement of the State of California. Implementation is being guided through the San Joaquin River Restoration Program (SJRRP), led by Reclamation in coordination with other Implementing Agencies, including the US Fish and Wildlife Service (USFWS), the US National Marine Fisheries Service (NMFS), the California Department of Fish and Game (DFG), and the California Department of Water Resources (DWR). The Settlement also established a Restoration Administrator (RA), supported by a Technical Advisory Committee and the Settling Parties, to work collaboratively with Reclamation in implementation. The RA recommends flow schedules and salmon reintroduction criteria, and provides input on project design, monitoring, and other relevant science-based activities.
San Joaquin River restoration area
Implementation of the Settlement has the potential to affect a large portion of California, as a result of operational changes that modify water delivery patterns, construction of channel improvements, restoration of continuous flow to the San Joaquin River, and modifications to the operation of water delivery systems. The geographic extent of the SJRRP implementation area includes the Central Valley from the Delta to the Tehachapi Mountains south of Bakersfield. This area includes the SJR
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from Friant Dam to the Delta, the Friant Division of the CVP, other water service areas potentially affected by changes in water deliveries or restoration of the SJR, and tributaries to the SJR downstream from the river restoration area. The Restoration Area extends 153 miles downstream from Friant Dam to the confluence of the Merced River, the first downstream major tributary to the SJR. In recognition of different habitat, water quality and land management conditions along the SJR, the Restoration Area is divided into five primary reaches shown on Figure 1 . The Settlement acknowledges that achieving the Restoration Goal will require a combination of channel and structural improvements in the Restoration Area and releases of additional water from Friant Dam to support restoration priorities. The Settlement specifies a set of near-term and longer-term channel and structural improvements that will be necessary to safely convey Restoration Flows through locations known to have insufficient flow capacity, and a set of longer term improvements to enhance the effectiveness of restoration. Near-team improvements to provide additional flow capacity include extensive channel modifications to increase capacity in two river reaches (2B and 4B1) and construction of a new bypass to convey at least 4,500 cubic feet per second (cfs) with integrated floodplain habitat. These modifications will require construction of new levees and floodplain grading for about 40 river miles, and modifications to existing flow control structures that can allow the existing water delivery and flood control purposes to be met while supporting restoration objectives.
Near-term improvements to address fish passage include screening a large water diversion (800 cfs), modifying diversion dams to enable fish passage, installing barriers on sloughs to prevent fish from straying, and modifications to flood conveyance facilities to improve channel stability and fish passage. Longer-term improvements include gravel augmentation in spawning areas, isolation of adjacent gravel pits to reduce predation of salmon by introduced species, establishment of side channel habitat, and other similar actions that would enhance restoration success. A generalized summary of channel and structural improvements to support restoration are shown on Figure 2 .
Restoration flow management
The Restoration Goal of the Settlement includes six flow patterns based on hydrologic year types that specify total monthly volumetric releases from Friant Dam based on total annual inflow to Millerton Lake (formed by Friant Dam), and flow targets at several locations along the San Joaquin River. Hydrologic year-type Restoration Flow release patterns from Friant Dam are shown in Figure 3 . Implementation of the Settlement required that a method be developed to convert these block allocations to a more continuous hydrograph that reflects both hydrologic variability and fishery life cycle requirements. A risk based approach is used, starting as early as January, to regularly revise inflow estimates in response to rainfall and snowpack conditions. As each updated forecast of total annual flow is completed, the revised annual release quantity is applied to a continuous allocation pattern, which is illustrated in Figure 4 . Because the largest portion of the release pattern (April, May, and June) can occur before the total annual inflow is known (often not finalized until June), a risk-based method was developed to quantify the total annual flow requirement in relation to expected Millerton Lake inflow.
The Settlement requires that flows be released from Friant Dam beginning October 1, 2009, even though the channel and structural modifications to convey full Restoration Flows would not be completed until later. An experimental interim flow program was included in the Settlement to provide for flow releases during the time that channel improvements would be performed, so long as the flows do not exceed 'then-existing' capacity at any location in the Restoration Area. Interim Flows were initiated on schedule and continue, as illustrated in Figure 5 . Data are being collected to improve the understanding of several physical and biological factors, including seepage, river water temperature and quality, surface watergroundwater interaction, riparian habitat responses, sediment transport, fish rearing and migration, downstream recapture of Interim and Restoration flows, and other data relevant to restoration and water management goals. Data also are being collected by the State of California, as part of a related but separate program focused on flood protection, to improve the understanding of geotechnical conditions of levees and the river channel throughout the Restoration Area. These data are being used help estimate 'then-current' capacity. 
Salmon reintroduction plan
The Settlement requires the reintroduction of spring run and fall run Chinook salmon to the SJR between Friant Dam and the Merced River confluence no later than December 31, 2012. The USFWS is working diligently to prepare a permit application for the introduction of spring run Chinook salmon for review and approval by NMFS. A key consideration in the permit will be the source stock of spring run Chinook salmon from other Central Valley rivers. The Implementing Agencies also are considering the need for a hatchery to supplement initial fish populations. Recently, the effects of releasing Interim Flows and subsequent flood flows have attracted fall run Chinook salmon and other fish into the Restoration Area. As part of the Experimental Interim Flow program, juvenile fish are being released into the SJR immediately downstream of Friant Dam. These fish are being monitored to help identify priority issues to be addressed through water management and channel modifications to help achieve the Restoration Goal.
Provisions to support the water management goal
The Settlement requires that a plan for recapture, recirculation, reuse, exchange, or transfer of Interim and Restoration Flows be developed to reduce or avoid water supply impacts to all Friant Division long-term contractors. It also requires that a Recovered Water Account be established to track water supply reductions to all Friant Division contractors that result from the release of Interim or Restoration Flows.
Through a Water Management work group, Reclamation continues to develop methods to recapture Interim and Restoration flows at downstream locations without adversely affecting the Restoration Goal, and convey the recaptured water to the Friant Division to help offset water supply reductions. The work group is considering water volume potentially available for recapture at critical locations along the SJR downstream of the Restoration Area and in the Delta, the timing of the available water supply, and issues related to conveying the recaptured water through CVP and California State Water Project (SWP) facilities without interfering with ongoing operations and water delivery obligations to others. Reclamation has obtained short-term permits and will obtain a long-term water right to protect Interim and Restoration flows from diversion by others to assure that these flows would be available for recapture at downstream locations.
The Settlement also provides that Friant Division water contractors may purchase unstorable water at Friant Dam (during flood operations) at a pre-established rate, up to the amount of reduced deliveries recorded in the Recovered Water Account. Because the water management goal provisions involve integration of new criteria with existing project operations, they require complex methods and accounting procedures to accurately reflect conditions that would have occurred in the absence of the SJRRP. Methods to estimate and account for water supply impacts, delivery of flood water, and recapture and delivery of Interim and Restoration flows have been developed and integrated into established water allocation and operation procedures for Friant Dam and other related CVP and SWP facilities. These methods will continue to be refined as implementation of the SJRRP progresses.
Restoration of the San Joaquin River requires coordination, planning, and execution of many complex and inter-dependent activities on a large scale. Because the SJR had been so severely impaired prior to the Settlement, many issues regarding the condition of levees and channels, ecological responses, and surface water-groundwater interactions remain poorly understood. Accordingly, the SJRRP is being implemented in a manner that makes best use of available scientific information while allowing for flexibility to adapt actions in response to observations and new information. The following sections present the SJRRP approach to address some of the challenges facing implementation.
Authorization, schedule and funding
The Settlement included an aggressive schedule for implementation of channel improvements, release of full Restoration Flows and reintroduction of salmon. It also recognized the need for Federal legislation to authorize the Secretary of the Interior (through Reclamation) to implement the SJRRP. Although authorizing legislation was enacted in March 2009, over two years later than anticipated in the Settlement, Reclamation initiated Interim Flows in October 2009, consistent with the Settlement schedule. Table 1 shows milestone dates recommended in the Settlement. The Implementing Agencies are committed to attaining these milestones, as demonstrated by the release of Interim Flows beginning in October 2009; however, these dates may change, pending completion of compliance, coordination, consultation, data collection, and related efforts.
Funding for Settlement actions derive from multiple sources and become available at various points time. The Federal legislation authorizing the Settlement established the San Joaquin River Restoration Fund and directed that revenue be deposited into the Fund from the following sources:
• Future receipts collected pursuant to a surcharge on water deliveries that was required of all Friant Division contractors under a separate law enacted in 1992
• Authorized Federal appropriations
• Capital repayment from the Friant Division water contractors for remaining obligations related to the construction of CVP facilities
• Water sales of those portions of the Restoration Flows, if any, which cannot be released beginning January 2014 as a result of insufficient channel capacity.
In addition, the State of California will expend bond funds authorized by the voters in 2008 to improve water management in and flood protection in California. The bond measures identify funding amounts for contribution toward SJR restoration. In total, funding provided through these sources is expected to be sufficient to implement improvements estimated at about $800 million. 
CHALLENGES TO SUCCESSFUL IMPLEMENTATION

Environmental permitting strategy
Upon acceptance of the Settlement by the Court in October 2006, work began immediately on preparation of environmental compliance documentation consistent with the National Environmental Policies Act (NEPA) and the California Environmental Quality Act (CEQA). These laws require extensive public disclosure of the effects of proposed actions that would affect resources, and development of appropriate mitigation measures where possible. The environmental permitting strategy was designed to address short-term and long-term actions, and accommodate needed adaptation in Settlement implementation. The following types of environmental compliance documents are being prepared:
• A program environmental impact statement is being prepared to identify the collective effects of implementing all Settlement actions at a system-wide level, including flow modifications, construction actions, and fish reintroduction. This document also will provide compliance for the release and management of Interim and Restoration flows, and the application of a water right permit amendment to protect these flows for downstream recapture.
• Site-specific environmental assessments have been and will be prepared for the installation of facilities to monitor physical parameters, such as river flow, sediment movement, groundwater levels, and other related facilities.
• Short-term environmental assessments have been prepared to address effects related to the release of Interim Flows on an annual basis while the program environmental impact statement is being prepared.
• Site-specific environmental impact statements and environmental assessments are being prepared for each construction activity identified in the Settlement. Because the collective system-wide effects of all construction actions are addressed in the program environmental impact statement, the site-specific evaluations will be limited to assessments of impacts at each project location.
Avoidance of third party impacts
If not properly anticipated, implementation of Settlement actions has the potential to cause impacts to parties that were not part of the Settlement. The Restoration Area portion of the SJR, which is the focus of improvements to increase capacity, protect fish, and provide spawning and rearing habitat, flows through private lands owned by parties not involved in the Settlement. Because the levees in the Restoration Area are not well designed, conveyance of Interim and Restoration flows through main-stem SJR reaches has the potential to cause seepage to adjacent lands. The SJRRP includes an extensive monitoring and management program to identify the potential for adverse impacts, and implement actions to avoid their occurrence or mitigate their effects. For example, in cases where the potential for seepage to increase exists, or if seepage is observed, flows would be reduced and/or compensatory measures would be taken. Access to private lands for monitoring, surveying or other observations is enabled through pre-negotiated temporary access permits and closely coordinated with landowners, irrigation districts, and levee management groups to avoid interference with ongoing agricultural activities, levee maintenance, or flood protection actions. Downstream of the Restoration Area, all tributaries that flow into the SJR are subject to flow requirements designed to protect fish and improve water quality. The introduction of Interim and Restoration flows from the Restoration Area into the lower portion of the SJR has the potential to alter baseline conditions and thereby affect flow requirements and reservoir operations on these tributaries. Through coordination with downstream tributary project operators, the Implementing Agencies are accounting for Interim and Restoration flows in a manner to avoid shifting additional water management obligations to these third parties. Also, strategies for the recapture and recirculation of Interim and Restoration flows involve the use of CVP and SWP facilities to convey and potentially store recaptured water supplies. Reclamation is working closely with project operators to assure that the recapture and conveyance of these water supplies does not adversely affect project operations or the availability of water supplies to CVP and SWP contractors.
Integration with flood management operations
The SJR in the Restoration Area serves as an integral portion of a regional flood control project, which includes a flood bypass system. Many levees along main-stem SJR reaches in the Restoration Area were not constructued in accordance with current Federal or State of California standards, and are prone to seepage, boils, erosion, and slope stability problems. The introduction of Interim and Restoration flows on a year-round basis complicates the operation and maintenance of these facilities, and has the potential to increase flood risk to protected lands. To avoid increasing flood risk, the SJRRP includes as set of performance standards that will be applied to estimate 'then-existing' channel capacity based on levee integrity conditions. These estimates will be used to constrain maximum Interim and Restoration flows in the Restoration Area to avoid increasing flood risk. In addition, maintenance practices of the flood control project, including the bypasses, will be enhanced to provide vegetation and sediment management with the objective of preserving design channel capacity. Lastly, Interim and Restoration flows would be reduced in cases where their release and conveyance would interfere with flood operations.
Undertaking river restoration at the scale of the SJR requires adaptive strategies to address technical, legal, policy, management, and financial challenges. The Settling Parties anticipated many of these challenges and included provisions in the Settlement to enable continued progress toward achieving the Restoration and Water Management goals. SJRRP Implementation actions to date have begun to place these provisions into practice, which revealed additional challenges, as discussed in this paper. The Implementing Agencies are committed to successful restoration of the SJR and will continue to develop innovative and flexible responses to challenges as they arise. • Additional needs are being identified through detailed studies
• Current estimates approaching $1.5B
• Over-communicate with stakeholders and public officials
• Establish performance targets to guide actions
• Science-based processes assure agreement on the facts
• Comprehensive monitoring
• Adapt plans to changing conditions while meeting objectives
